BACkGROUND: Various surgical treatment methods are available for unstable distal radius fractures. Clinical and radiological outcome with volar locking plate has been very satisfactory. The purpose of this prospective study is to evaluate the results of the treatment of unstable fractures with the volar locking plate with regard to loss of reduction, functional outcome and complications.
INTRODUCTION
Unstable fractures of the distal radius are generally treated with operative treatment to restore the congruence and kinematics of the wrist joint. Several surgical modalities are available, such as percutaneous pinning, external fixation, and open reduction/internal fixation with volar/ dorsal plating. Tscherne showed that between 20% and 30% heal with an unsatisfactory anatomical and functional result, and others have reported a high incidence of malunion, radial shortening, and articular incongruity with a poor functional outcome. 1 Anatomical articular reduction greatly reduces the incidence of post-traumatic osteoarthrosis and that the quality of reduction relates directly to the final outcome. 2 Although good to excellent results have been shown with plate and external fixation for these unstable fractures, the need for prolonged immobilization is a concern. 3, 4, 5 The advantages of plate osteosynthesis are direct fracture reduction, stable rigid fixation, and the possibility of immediate postoperative motion. 6, 7 Open reduction of the fracture allows reduction of the fracture under direct vision and leads to accurate restoration of anatomy. 8, 9 In the early postoperative period, patients who had been managed with open reduction and internal fixation had better range of motion and strength and lower DASH scores than did those who had been managed with closed reduction and percutaneous pin fixation. 10 Dorsal plates are associated with tendon rupture, tenosynovits, reoperation, and 25% of collapse while the complication of volar plating is relatively low. 11 The volar surface of the distal radius may be biologically more acceptable for open reduction and internal fixation than the dorsal surface because the flexor tendons are not as close to the bone surface as the extensor tendons. 12 Recent studies have shown that volar locking plate system are biomechanically more stable than nonlocking plates and even maintain the anatomy of dorsally displaced intraand extra-articular distal radius fractures. 13, 14 Compared with dorsal and radial plates, volar plates are associated with fewer soft tissue complications and have become increasingly popular over recent years to treat dorsally displaced distal radial fractures since the introduction of angle stable locking plates. 15, 16 In addition to maintaining fracture position, angle stable locking plates also provide sufficient fracture stability to enable patients to mobilize injured joints rapidly in the postoperative period. 17 The objective of this study is to investigate the functional outcome of management of unstable distal radius fractures with volar locking plates in our setup.
MATERIALS AND METHODS
All patients with unstable distal radial fractures treated with locked volar plating at Kathmandu Medical College Teaching Hospital from May 2008 until July 2010 were included. The method of treatment was chosen based on surgeon's preference.
Fig. 1A Unstable distal radius fracture (AP view)
All patients were operated by the first author (rlP) or under his supervision. There were 30 cases whose initial data were recorded prospectively. Patients treated with closed reduction and cast application, external fixation alone or with percutaneous K wire fixation and dorsal plating were excluded from the study. All patients had unstable intra-and extra-articular distal radius fractures with volar and dorsal metaphyseal comminution and were classified according to the AO/OTA classification. (Figure  1 ) We operated on all unstable distal radius fractures who did not meet the criteria as suggested in (Table 1 ). 
Surgical Technique
Surgery was performed under axillary block anesthesia in all but 8 patients in whom general anesthesia was necessary and all patients surgery were done under tourniquet control. The distal radius was exposed by a volar approach between the flexor carpi radialis tendon as described by Chung and Petruska. 19 An 8-cm incision is made on the radial border of the flexor carpi radialis tendon. The v-shape of the distal part of the incision provides better access to the articular surface. The incision is carried through the flexor carpi radialis tendon sheath. The tendon sheath is opened and the forearm fascia on the radial border of the flexor carpi radialis is incised. The forearm fascial incision was made along the radial side of the flexor carpi radialis tendon to ensure that the palmar cutaneous branch of the median nerve, which arises near the ulnar side of the flexor carpi radialis tendon was protected. The index finger of the surgeon is then swept under the flexor pollicis longus muscle to gain rapid exposure of the pronator quadratus. An L-shaped incision is made over the radial border of the pronator quadratus to prevent full elevation of that structure from the radius. For ease of fracture reduction, an osteotome is inserted into the fracture, over the dorsal cortex, to completely disimpact the distal fracture fragment. Fracture reduction is facilitated through ligamentotaxis by applying traction to the fingers. The assistant distracts the fracture while the surgeon reduces it through manual manipulation. For dorsal comminuted fractures, the surgeon can use manual pressure to mold the dorsal fragments into anatomical reduction. A volar plate (3.5mm) is placed by first drilling the central oval hole. After placement of the central screw in the oval slot, a C-arm is used to ensure that the plate is positioned optimally. The oval hole provides the option of moving the plate distally or proximally, depending on the fracture pattern. Next, a screw is placed in the central distal hole, and then the remaining screws are placed.
When the distal fracture fragment is being reduced into anatomic position, it is important for an assistant to apply traction continuously to the fingers of the operatively treated hand. In many patients, the pronator quadratus is quite shredded by the fracture and complete coverage of the plate is not possible wherein it was sutured to the edge of the brachioradialis to provide coverage for the distal plate. This prevents irritation of the flexor tendons by the plate. The carpal tunnel was not decompressed in any of the patients.
Postoperative Protocol
Patients with a stable radioulnar joint after fixation of the distal part of the radius were placed in a volar splint for two weeks till suture removal which was done on the fourteenth post operative day. After this time, under the guidance of a physiotherapist, the patient also starts active range-of-motion exercises and continued with that exercise regimen for the next six weeks. For the next four weeks patients use a removable wrist splint. Six weeks after surgery, the splint was removed and a strengthening exercise program was begun. Unrestricted activities are allowed twelve weeks after surgery.
Patient Assessment
Patients were followed up at 6 weeks, 3 months, 6 months and one year after surgery and radiographs taken. Functional evaluation was assessed with the clinical rating as devised by Cooney 20 (modified from Green an O'Brien) ( 
RESULTS
There were 30 patients treated with volar locking plate system in this study. Eighteen male and 12 female patients with the average age of 42.53 (range 30-64) were followed up for a period of 9 to 34 months (av.23 months). All fractures were classified according to the AO/OTA classification. There were 14 A3 fractures, 9 C1 fractures, 6 C2 fractures, and one C3 fractures. Only one had a Gustilo grade I open wound on the volar aspect. Seven of the fractures had associate fracture of the ulnar styloid but none underwent any operative treatment as it has been shown that the functional outcome was good even though the ulnar styloid was not operated 21 . In all but two fractures the index procedure was volar locking plate. Two patients were previously treated with external fixation alone wherein the fracture collapsed after three weeks of fixation. The mean time to union was 8 weeks (range 6-12 weeks). At the time of final followup (minimum 9 months) the clinical scoring chart was done according to Green and O'Brien as modified by Cooney. The results were: excellent in 23 (76%), good in 6 (20%), fair in 1 (4%) and none had poor outcome. (Figures 4, 5 ) There was one patient (who had previous treatment with external fixator) with screw penetration in the joint wherein the fracture collapsed even though bone substitutes were used. The plate was removed after four months. This patient had a fair outcome. There were two cases of superficial wound infection that settled well with oral antibiotics. No patients had complex regional pain syndrome or non union and none had extensor tendon irritation or ruptures. 
DISCUSSION
In surgical treatment of unstable distal radial fractures, the main aim is to achieve and maintain anatomic reduction and minimize the poor long term failure associated with unsatisfactory treatment. The biomechanical results show that locking volar plates provides significantly greater resistance to fracture gap motion compared with standard volar plates in a dorsally comminuted distal radius fractures. 22 Biomechanical studies comparing volar fixedangle fixation plates with conventional dorsal implants report volar fixed-angle fixation plates are stronger. 13 Fixed-angle volar plates prove stronger under cyclical loading tests than dorsal implants as the implant-bone interface is the limiting factor. 13 In a locking screw system, the threaded screw head locks in the threaded screw hole of the plate to attain stability. Consequently, axial forces in the bone are transmitted to the plate rather than the screw, and no screw toggle can occur. Because stability with a locking screw does not require compression between the bone and the plate, the periosteal blood supply under the plate is preserved. 18 Although there are few complications associated with volar locking plate system but are less as compared to dorsal plating even for dorsal communited fractures. In the study by Ruch and Papadonikolakis, 11 the volar collapse occurred regardless of the type of dorsal plate used and that volar plating was associated with fewer complications than dorsal plating. In the dorsal plating group there was a statistically significant association of volar collapse of the distal fragment when the distal screws were pointing proximally.
Volar plating for dorsally displaced, unstable fractures of the distal radius has several advantages compared with dorsal plating. The volar approach, fracture reduction, and volar plating techniques are easier than dorsal plating. Volar plating preserves vascular supply to dorsal metaphyseal fragments and does not cause extensor tendon problems. 7 When the quality of the pronator quadratus muscle is good, volarly placed plates are almost covered with the pronator quadratus except the distal edge of the plate. 19 Arora et al. 23 did not use bone graft or artificial bone because the good mechanical stiffness of the 3.5-mm locking compression plate, provided angular stability by screws locked to the plate This was efficient in restoring normal axial force distribution and has been proved in a biomechanical study. Similar to Hakimi et al. 25 series we did not have any problems related with extensor tendons. It may be because we used shorter length distal screws and constantly checked in fluoroscopy in different positions for the placement and the length of the screws. We positioned the plates as well as the screws of the distal row under radiological control in lateral view. Recently, rotational fluoroscopy has been advocated to avoid penetration of the joint by distal screws during volar locking plating. 26 Most complications of distal radial fracture treatment are the result of prolonged immobilization of the wrist and regardless of the method used to treat distal radial fractures, the most important factors that effect long-term function are early mobilization and restoration of normal anatomy. 27 Many surgeons have different opinions regarding the degree of malunion, that is, clinically acceptable, we consider the following to be compatible with reasonable long-term function: radial shortening of less than 5 mm, radial inclination of greater than 15-degree angle, volar tilt of between 15-degree angle of dorsal tilt and 20-degree angle of volar tilt, intra-articular incongruity of the radiocarpal joint of less than 2 mm, and, intra-articular incongruity of the distal radioulnar joint of less than 5 mm. 28 In addition to restoring anatomy, the other real advantage of using volar locking plates compared with other treatment methods is improved fracture stability that permits unprotected early mobilization of the injured wrist. Osada et al 7 beleive that postoperative splinting of the wrist has little effect on preventing redisplacement of the fracture fragment as long as active digit movement exercise is started immediately after the operation. Physiologically, active wrist joint motion during daily activities have been estimated to cause 100 N axial load across the wrist joint, whereas active digit flexion has been estimated to produce 250 N axial load across the wrist joint. They stated that because this plate was sufficiently strong there were no fractures that needed postoperative immobilization in their series. This plate enabled them to start active range of motion exercises of the wrist and the forearm in the immediate postoperative period. We, however, applied a volar slab for two weeks till suture removal and then stated active wrist motion exercises and similar protocol has been practiced in many studies. 10, 26 Rozental et al. 10 found that, in the early postoperative period, patients who had been managed with open reduction and internal fixation had better range of motion and strength and lower DASH scores than did those who had been managed with closed reduction and percutaneous pin fixation. This difference was particularly pronounced in the first six and nine weeks after the injury and then decreased over time. We also believe that the early rehabilitation after volar locking plate is seen in the first six weeks after surgery and renders patients to be more confident in using their wrist.
Knight, et al. 29 found two mechanisms of collapse: angular and axial shortening. They found that placing the distal screws close to the subchondral bone of the distal fragment caused fracture collapse and screw penetration were more likely to occur when the screws were close to the subchondral bone and believed that the risk of collapse is related to the severity of the metaphyseal comminution. In fractures with a large metaphyseal defect, often the only possible placement of the distal screws is in the subchondral bone whereas in those with a smaller metaphyseal defect and therefore a larger distal fragment, placement of the screws is possible further from the subchondral bone. With a large unfilled metaphyseal defect, subsidence of the distal fragment would occur to some extent around the screws, and if the collapse was sufficiently severe, penetration of the screws into the radiocarpal joint would result. We try to place the distal screw in the subchondral bone and have not had any problems except in one case where the surgery was revised after failure with external fixation. However, we try not to use locking plate if the distal fragment is too small and the space is not enough to hold the screw, as we use a 3.5mm system. If we use the newly available 2.4mm locking plate system we may be able to overcome this problem. We also agree with Knight et al, and now augment large metaphyseal defects with bone graft substitutes in cases with severe metaphyseal comminution and believe that this may prevented collapse and screw penetration into the joint.
In seven our patients there was associated ulnar styloid fractures which were not fixed with any internal fixation. It had been clearly mentioned that the presence of ulnar styloid fracture does not adversely affect the outcome in patients with a fracture of the distal radius treated by volar locking plating. 21 Limitations of our study include its lack of controls and relatively small number of cases. 
CONCLUSION
We have shown that 3.5mm fixed-angle volar locking plating of unstable fractures of the distal radius can achieve excellent to good functional outcome in many patients, with limited complications. Careful assessment of screw length and placement of the plate is necessary to reduce collapse and tendon irritation or rupture. Not all unstable fractures with intra-articular comminution or very small distal fragments are suitable for volar locking plates and other methods of treatment should be applied in dealing with such fractures. 
